INTRODUCTION
Human reovirus type 3 is the prototype of many different double-stranded RNA-containing viruses that infect a wide variety of animals and plants (1) (2) (3) as well as some unicellular organisms including yeasts and fungi (4) and bacteria (5) . Extensive studies on the molecular biology of reoviruses have revealed a number of striking features, many of them characteristic of eukaryotic viral and cellular systems. The genome of reovirus, like other doublestranded and some single-stranded RNA viruses, is segmented (6) . Although all ten reovirus genome segments are required for infectivity (7) , the mechanisms for their correct assembly into virions during morphogenesis remains an intriguing unknown. In addition to the genome RNA, reovirions contain RNA polymerase that transcribes one strand of each of the duplex segments to form the viral messenger RNAs (8) (9) (10) . Nucleotide phosphohydrolase, guanylyl transferase and methyl transferases, enzymes that modify the 5'-ends of nascent viral mRNAs, are also packaged within purified reovirions (11) . Similar transcriptase and RNA-modifying activities have been found in both DNA and RNA viruses (12) . Consequently, reovirus mRNAs (13) and other viral mRNAs synthesized in the presence of the methyl donor, S-adenosylmethionine, have a methylated, 'happed"5'-terminal structure, ra G(5')ppp (5' )N identical to the 5'-caps found in most eukaryotic viral and cellular mRNAs (14) .
Several different studies with reovirus mRNA have provided evidence that the cap is involved in the initiation of protein synthesis (15) (16) (17) and formed the basis for a general model to explain how eukaryotic ribosomes may select initiation regions in mRNAs (18) . Ten primary viral polypeptides are synthesized in reovirus mRNA directed cell-free translating systems and in reovirus-infected mouse L cells (3, 19) . Eight of these products are assembled into virions, three forming the outer protein shell and five comprising the inner core particle. It remains to be determined which of the polypeptides correspond to the five enzyme activities that are also present in viral cores. The virus-specified polypeptides correspond in size to the coding capacities of the ten viral mRNAs, and recent biochemical and genetic findings have allowed the assignment of the viral polypeptides to the individual reovirus genome segments which encode them (20, 21) . Furthermore, the ribosome binding sites of six of the ten reovirus mRNAs, derived as 40S ribosome-protected fragments from RNase-treated initiation complexes, have been sequenced (22) . For each mRNA, a single initiation fragment was obtained that included the cap and the 5'-proximal A-U-G codon (23) . However, genome segment assignment of the fragments was not made.
As part of a continuing effort to understand how the genome segments of reovirus and other multisegmented viruses replicate and assemble, we have been analyzing the structures and sequences of the termini of the viral RNAs. Recently it was found that the 3'-termini of both strands of the ten reovirus genome RNAs can be labeled by RNA ligase-catalyzed addition of 32 32 pCp (24) . We have used this method to prepare P-labeled reovirus RNA for gel sequencing. By comparing the 3'-sequences of separated strands of the duplex RNAs with the mRNA 5'-terminal sequences established previously (25), we have been able to relate mRNA ribosome binding sites to individual reovirus genome segments of the S and M size classes. Taken together with the protein coding assignments (20, 21) , the results allow a prediction of N-terminal amino acid sequences of reovirus nascent polypeptides.
MATERIALS AND METHODS
Virus RNA.
Reovirus type 3 Dearing strain was purified from infected mouse L cells, and the double-stranded viral genome RNA was obtained by phenol extraction and Sephadex G-100 gel filtration as detailed previously (26 RNA by centrifugation (9,000 rpm, 10 min) followed by passage through a small column of glass wool. RNA was recovered and further purified by ethanol precipitation three times, and the pellet was washed with 95Z ethanol.
Separation of the plus and minus RNA strands of genome segments.
Reovirus mRNA was synthesized ^n vitro with viral cores and separated into the large, medium and email classes by glycerol gradient centrifugation 32 (19, 26) . For the studies reported here, a purified P-labeled individual genome RNA segment of the S or M class was mixed with a greater than ten-fold excess of the corresponding nonradioactive mRNA class (i<10 cpm of one genome RNA segment and 2-5 A.,_ units of small or medium class mRNAs). The RNA was zou denatured by incubation for 30 min at 37°C in 90Z dimethyl sulfoxide in 20 mM Enzymes.
RNase Phyl was purified from culture fluids of P_. polycephalum by ammonium sulfate precipitation and DE-52 cellulose chromatography (32) . Pancreatic RNase was purchased from Worthington Biochemical Corp. and RNases T^ and U-from Calbiochem.
RESULTS
3'-End labeling of genome RNA plus and minus strands. 32 Previous studies of reovirus genome RNA terminally labeled with y-P-ATP and polynucleotide kinase (33) or by reduction with H-borohydride (34) established that the ends of the two strands of each duplex segment are basepaired in the structure:
Incubation with RNA ligase and pCp also radiolabeled reovirus genome RNA. Consistent with 3'-tenninal attachment of pCp, the ten genome segments ranging in molecular weight from 0.6 x 10 to 2.7 x 10 (6) were radiolabeled to a similar extent by this procedure (Fig. 1, left lane) . Before 32 separating the plus and minus strands, the P-labeled duplex segments recovered from the gel were re-analyzed by electrophoresis under the same conditions as a test of purity. As shown in Fig. 1 , each of the recovered bands consisted of a single RNA segment.
Each M and S duplex segment was separated into its constituent plus and minus strands by annealing with excess unlabeled reovirus mRNA. As shown in 32 Fig. 2A for representative segment S3, the peak of P-labeled plus strands (fractions 21-28) that were displaced from duplex RNA (fractions 41-48) by a single round of annealing comprised less than the expected 501 of the counts.
However, after a second round of annealing 801 of the radioactivity eluted as double-stranded RNA consistent with the P-labeled plus strand having been effectively "chased" from the duplex ( gative charge more than 6 (Fig. 3A) . RNase T. digestion of the denatured double-stranded RNA, by contrast, released 95Z of the radioactivity as a fragment that eluted with a net charge close to -3 (Fig. 3B) . Since the 3'-terminus of the minus strands of the reovirus genome RNA is ...GpC (34), RNase T digestion of ...GpCpCp would be expected to release CpCp of net charge of -3. The remaining radioactivity from the double-stranded RNA eluted as a longer oligonucleotide in a position consistent with its release 32 from residual P-labeled plus strands in the re-annealed duplexes. Thus the single-stranded plus RNA appeared to be free of P-labeled minus strands while the minus strands in duplexes remained about 61 contaminated with Plabeled complement even after re-annealing. From these and similar results obtained with the other segments it was calculated that more than 90Z of the radioactivity in the re-annealed duplexes resided in minus strands, obtained by ethanol precipitation after denaturation with 90Z dimethyl sulfoxide were incubated for 2 hr at 37°C in 0.2 ml of 50 mM Tris buffer -pH 7.5 containing 2 mM EDTA, 1 mg yeast tRNA, and 300 units RNase Ti and analyzed by DEAE-cellulose column chromatography as described previously (35) . The arrows indicate the elution positions of marker oligonucleotides of increasing net negative charge obtained from the A 2 g Q profile.
and the overall distribution of radioactivity between plus and minus strands was about equal. Thus, both basepaired 3'-ends of each of the doublestranded RNA segments were susceptible to RNA ligase-catalyzed transfer of pCp indicating that the presence of the 5'-cap in the complementary strand (35) did not block labeling of the 3'-end of the minus strand. Furthermore, unlike the 3'-termini, the 3'-hydroxyl group in the 5'-linked m G was not a substrate for RNA ligase.
Minus strand 3'-terminal sequences.
Figures k and 5 show autoradiographs of gels of partial digests of the 32 P-labeled minus strands of genome segments S1-S4. The sequences are summarized in Table I . Four nucleotides were common at the minus strand 3'-ends. as residue number one (25) .] The transcript of SI apparently did not yield a rlbosome-protected site that could be sequenced in the previous studies of reovirus mRNAs, possibly because it was present in low amounts In the mRNA mixture or was inefficiently bound to, or protected by, rlbosomes.
The results provide some additional information about the ribosome bind- (Table II) .
Plus strand 3'-terminal sequences.
Partial enzymatic digests of 3'-end-labeled plus strands of the individual S and M genome segments were analyzed by electrophoresis in polyacrylamide gels. Identification of some 3'-proximal sequences also required gel electrophoresis of chemical digests and two-dimensional analysis by the wandering spot method (38) . A common sequence, .. .U-C-A-U-C-3' was present in all seven plus strands, and G was absent from the first ten or more nucleotides in each RNA.
DISCUSSION
The aim of the present study was two-fold: (i) to relate the different reovirus genome segments to the corresponding mRNA 5'-tei"minal sequences that were shown to be ribosome binding sites in cell-free translation initiation studies (25) and ( Recently it was found that reovirus genome segment SI codes for a minor component of the outer shell of vlrions, capsid polypeptide ol (20, 21) . It also corresponds to the viral hemagglutinin which determines host range (44) .
Segments S2, S3 and S4 code respectively for viral core polypeptide o2, a non-structural protein oNS and the major outer shell polypeptide of vlrions, a3 (20, 21) . Reovirus structural proteins, with the exception of polypeptide Ul which is cleaved during maturation, are known to have blocked N-termini (45) . However, on the basis of the genome segment assignments of the proteins (20, 21) , the 5'-terminal sequences of the corresponding mRNAs (25) , and the assignment of mRNAs to genome segments, the amino acid sequences of nascent chains of three reovirus-specified a proteins can be predicted as: a2 = Met-Ala-Arg-Ala-Ala-Phe-Leu-Phe; oNS •= Met-Ala-Ser-Ser-Leu; and a 3 = Met-Glu-Val-Cys-Leu-Pro-Asn. The amino acid sequences, similarly predicted from the mRNA initiation fragments (25) , for minor virion polypeptide u2, the cleaved virion structural protein ul and the non-structural uNS protein (coded for by segments Ml, 2 and 3 respectively) are: p2 -Met-Ala-Tyr-IleAla; yl -Met-Gly-Asn-Ala; and uNS = Met-Ala-Ser-Phe-Lys-Gly-Phe-Ser.
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